Abstract: Within the framework of reinterpretation of the depositional evolution of the Komjatice depression, presence of cummingtonite in weakly lithified sediment has been detected. The sediment is formed by volcanic lithoclasts and phenocrysts with a small admixture of non-volcanic grains. The different mineral composition and various degrees of alteration of volcanic lithoclasts, together with structural features point to epiclastic origin. Therefore, the studied samples can be described as volcanic paraconglomerate and sandstone. The cummingtonite is found in rusty coloured volcanic lithoclasts and in the heavy fraction. Cummingtonite-bearing volcanic rocks have not been described so far from the Slovak Neogene volcanic fields. Therefore its presence in the studied samples represents the first indication of such volcanic rock in Slovakia. The aim of the article is to invoke interest for finding these volcanic rocks in situ.
Introduction
The studied samples come from the Zlaté Moravce-1 well (ZM-1). The ZM-1 well is situated in the NE part of the Komjatice depression (Fig. 1; 48°22'25.75" N, 18°22'16.35" E) and was drilled in 1968-1969 during hydrocarbon prospection. Today, new petrographical and sedimentological research is taking place, with the aim of reinterpretation of the depositional history of the Danube Basin. On this occasion, Nafta Petroleum Company provided all the archive well cores for re-evaluation.
The Neogene marine sediments start at the depth of 1410-1405 m of ZM-1 well. They consist of mudstone, sandstone, volcanic conglomerate, volcanic-rich paraconglomerate to sandstone and bentonite layers (Šarinová et al. 2018 ). The objects of this study are sandy conglomerates to sandstones from the depth of 1005-1010 m and 1046-1051 m. These sediments were originally assigned to the late Badenian (early Serravallian) based on the Bul.-Bol. foraminiferal assemblages (Biela 1978) . New biostratigraphic results assign the sediments from the depth of 1410-1046 m (core 12) to NN6 Zone (late Badenian-Sarmatian / Serravallian; Ozdínová 2012; Šarinová et al. 2018) . But well core 11 from the depth of 1010-1005 m contains index Pannonian (Tortonian) fossils (Šarinová et al. 2018) . Correlation of volcanic lithoclasts with their expected provenance is significant for this paper. Coarse-grained volcanic conglomerates from the depths 1346-1351 and 1099-1104 m are composed of sub-rounded pebbles to cobbles of biotite-amphibole andesites ± Px, Qz with tuffaceous matrix (Šarinová et al. 2018) . The petrographic composition of conglomerates, together with the age range of surroundings sediments (NN6 Zone) allows the search for their provenance in the Studenec Fm. In the original works, the Studenec Fm. is formed by Bt-Amp andesite to dacite (SiO 2 57-68 %; Konečný et al. 1998a; Chernyshev et al. 2013) . The Studenec Fm. forms the 3 th evolutional stage of the Štiavnica stratovolcano (e.g., Konečný et al. 1998a Chernyshev et al. 2013) . The presence of volcanic conglomerate and bentonite points to a dominance of the Štiavnica stratovolcano provenance at the time of sedimentation of the studied samples. High content of fresh amphibole in the analysed samples has led to explicit research connected with provenance analyses. In addition, fresh amphibole allowed for indirect K-Ar dating of sediments by dating volcanic activity. The aim of the paper is to bring information about the presence of cummingtonite-bearing volcanic lithoclasts in Neogene sediments. However, the main aim is to inspire volcanologists to discover their in situ occurrence among rocks of the Štiavnica stratovolcano.
Occurrence of cummingtonite and hornblende together in volcanic rocks has been described from a large number of felsic volcanic rocks and tephras. Cummingtonite with hornblende, orthopyroxene and biotite were described in rhyolites of the Okataina Volcanic Centre of New Zealand (Ewart & Green 1971; Ewart et al. 1975; Nicholls et al. 1992; Smith et al. 2005) . Dacite Yn tephras of Mount St. Helens also contain cummingtonite with plagioclase, hornblende, magnetite and ilmenite in highly vesiculated microlite-free glass (Mullineaux 1986; Geschwind & Rutherford 1992 ). It was also described from andesites of the Narcondam volcano in the Andaman Sea Pal et al. 2007) , from Iceland dacites at Króksfjördur volcano (Pedersen & Hald 1982) , dacites from Martinique (d'Arco et al. 1981) , Japan tephras (Matsu'ura et al. 2012 ) and other places. Moreover, the cummingtonite-bearing tephras are widely used in tephrostratigraphy (after Lowe & Hunt 2001) , because they form only a low percentage of tephras and so can be used as correlation horizons (e.g., Matsu'ura et al. 2012) . This fact can also be used for provenance studies, for example, of cummingtonite-bearing tephras connected with Mount St. Helens (Smith & Leeman 1982; Mullineaux 1986 ).
Methods
For the documentation of sedimentary structures well cores were cut in half, scanned and digitalized. Thin sections of well cores were analysed under polarization microscope. Two samples from the depth of 1046-1051 m and one sample from the depth of 1005-1010 m were used for heavy mineral analyses. Samples were washed in water and sieved to the fraction 0.25-0.10 mm. Heavy minerals were separated using heavy liquid and analysed under binocular microscope. Polished sections of heavy fraction and thin sections of studied sedimentary rock were analysed using WDS analysis of microprobe Cameca SX 100 (State Geological Institute of Dionýz Štúr), accelerating voltage 15 keV, probe current 20 nA. Raw analyses were recalculated to weight percent of oxide using ZAF correction. Inclusions of melt and mineral inclusion were determined by EDAX analyses. Only one melt inclusion was large enough for WDS analysis. Amphiboles were calculated after Hawthorne et al. (2012) using the Excel spreadsheet by Locock (2014) . Pyroxene was calculated on the base of 6 anions, content of Fe 3+ was calculated from stoichiometry after Dropp (1987) . Plagioclase was calculated on the base of 8 anions. Groundmass in rusty coloured volcanic lithoclasts was also analysed. In this case, groundmass was replaced by secondary minerals. Their analyses were normalized to 44 total cation charges, to balance O 20 (OH) 4 and all Fe was considered as Fe
3+
. Groundmass analyses of these lithoclasts must be taken as informative, because the thin sections were not prepared and measured with respect to clay minerals. Whole rock chemical analysis of volcanic lithoclasts from Bt-Amp andesite (depth 1346-1351 m and 1099-1104 m) was done using ICP-ES (major oxides) and ICP-MS (trace elements) in Bureau Veritas mineral laboratories, Canada. Mineral abbreviations follow Whitney & Evans (2010) .
Results
The studied core samples from the depth of 1046-1051 m (core 12) are typically rusty coloured and consist of two different lithological groups. The first is represented by poorly sorted, sandy paraconglomerate (Fig. 2b, d ) with occasionally armoured mud intraclasts and indistinct synsedimentary folds. The clasts populate the full spectrum of roundness from poorly to well-rounded and reach up to 5 cm in diameter. Clasts are mostly of volcanic origin, and are highly varied in colour, in roundness and in the level of lithification. Some of these clasts are highly altered and have a tendency to weather out and so generate secondary porosity (Fig. 2b) . The second group is represented by sandstones and mudstones with abundant erosional contacts, synsedimentary folds, faults and indistinct ripples (Fig. 2c) . The core samples from the depth of 1005-1010 m (core 11) are very similar (Fig. 2a) . But the content of non-volcanic clasts is higher and the sediment is occasionally better sorted. Matrix is less lithified.
In the depth 1046-1051 m, the gravel fraction (up to 2 mm) is composed of volcanic lithoclasts and phenocrysts of idiomorphic plagioclase. Non-volcanic admixture is present only in samples with observed muddy intraclasts. In the sandy fraction (2-0.06 mm) plagioclase phenocrysts together with volcanic lithoclasts strongly dominated, but quartz grains, heavy minerals, mudstone and sandstone lithoclasts are also present. Microscopic study of the thin sections documented idiomorphic to hypidiomorphic plagioclase, biotite, brown-green amphibole, pyroxene, poly-and monocrystalline quartz, opaque grains and lithoclasts. Lithoclasts are represented by volcanic rocks, but shale, sandstone and low grade Qz+Fs metasediments are also found together with foraminifera and mollusc shells. Planimetry was not done, but the amount of quartz grains and non-volcanic lithoclasts does not exceed ∼ 10 %. Volcanic lithoclasts can be divided into two main types. The first type is represented by sub-rounded to rounded, lithified andesite clasts of greenish grey and light purple colour (Fig. 2b) . Their porphyritic texture consists of phenocrysts of plagioclase and mafic minerals, which are often fully replaced by secondary minerals. However, large phenocrysts of brown, opacitized amphibole and biotite are observed (Fig. 3b) , whereas quartz phenocrysts are rare. The first type of volcanic lithoclast groundmass is microcrystalline and is composed of K-feldspar, Pl and Qz. Rusty colouration is typical for the second type of volcanic lithoclast (Fig. 2b, d) . The second type of lithoclast is porphyritic, rarely pilotaxitic and consists of phenocrysts of plagioclase, brown-green amphibole, biotite and pyroxene. Sometimes, pseudomorphs filled by secondary minerals are present. The presence of fresh pyroxene together with pyroxene shaped pseudomorphs in one clast indicates two pyroxene types, where more stable clinoproxene is preserved and orthopyroxene is decomposed. The second type is characterized by rusty coloured groundmass of lithoclasts that is composed of secondary minerals. However, part of these grains showed inhomogenity in the groundmass colouration (Fig.3a) . Association is completed by clasts composed of vitroclasts and phenocrysts that are described as vitro-crystalloclastic tuffs. These results are confirmed by probe study of three rusty coloured volcanic lithoclasts of the second type. The studied clast number 1 (Fig. 3c, d .) with porphyritic texture and reddish colouration is composed of phenocrysts of cummingtonite (Table 1) , plagioclase, biotite, apatite, titanomagnetite and ilmenite. Pl, Ilm, Ap and Ti-rich Mag are also present as mineral inclusions in cummingtonite phenocrysts (Fig. 3d) . Plagioclase phenocrysts are zonal from An 84 in the core to An 50 in the rim ( Fig. 5 ), biotite and ilmenite. The combination of phenocrysts, vitroclasts and lithoclasts in Si-rich microlitic matrix enable us to classify the studied clast as a tuff. The analysed porphyritic, rusty coloured volcanic clast number 3 is composed of phenocrysts of zonal plagioclase (An 90-60 ; Table 2 , Fig. 4 ) and pheno crysts of mafic minerals, that are fully replaced. The chemical composition of its groundmass is the same as in the clast 1 (Table 1 ), but some parts are not altered (Fig. 3f) plagioclase (An 40 ). With the exception of volcanic lithoclasts, some mineral grains of plagioclase (An 85-51 ) and amphibole (Hbl) are also analysed (Tables 1, 2) . Samples from the depth 1005-1010 m show a very similar composition (Fig. 2a) . However, the content of non-volcanic lithoclasts is higher (∼ 25 % in fraction up to 2 mm). Nonvolcanic lithoclasts are composed of quartz arenite, sandstone, metasandstone, quartzite, chert, granitoid and polycrystalline quartz. All previously described volcanic lithoclast types are also present. Mineral grains are formed by quartz, amphibole, biotite and plagioclase.
The heavy fractions from the depth of 1046-1051 m contain mainly amphibole grains (50 %). Ilmenite together with magnetite forms 36-44 %, pyrite, framboidal pyrite and limonitized pyrite 2.5-6.9 %, apatite 2.5-2.8 %, and pyroxene 1.6 %. The association is supplemented with zircon, tourmaline, rutile, titanite and garnet (less than 1 %). In the heavy fraction from the depth of 1010-1005 m amphibole dominates (79 %). Ilmenite together with magnetite forms 16 %, pyrite, framboidal pyrite and limonitized pyrite form 2.7 %. The amount of apatite, pyroxene, zircon, tourmaline, rutile, titanite and garnet is less than 1 %. Such heavy mineral associations are typical for a volcanic source area. Zircon and tourmaline represented non-volcanic admixture, whereas framboidal pyrite is an authigenic mineral, which indicates a marine environment. During the study of heavy mineral association under the binocular microscope two types of amphiboles with different colour were distinguished. Black coloured amphiboles (Hbl) dominated, whereas less coloured and more transparent amphiboles (Cum) are less frequent.
The composition of amphiboles from the heavy fraction is consistent with previous results (Table 3 , Fig. 5 ). From the Ca-amphibole subgroup, magnesio-ferri-horblende and minor magnesio-hastingsite are present. Inside the hornblende grains, inclusions of melts, plagioclase, titanomagnetite and apatite are observed. Melt inclusions show a rhyolite composition (Table 3 ). The Mg-Fe-Mn amphibole subgroup is repre sented by cummingtonite. In cummingtonite grains no mineral or melt inclusions have been observed (Fig. 3f) . Both amphibole subgroups are without zonality (Fig. 3h) , but the zonality of augite is determined (Fig. 3g) . From core to rim the Mg content slightly increases and the Fe content decreases (Table 4) . Marginal parts of augite are replaced by carbonate (Fig. 3g) . Table 2 : The composition of feldspar from volcanic lithoclasts and mineral grains; c -core, r -rim, phen -phenocrysts, matrix -microcrystals from groundmass of clasts (see Fig. 3f ). For interpretation of amphibole provenance, the composition of amphiboles from underlying volcanic conglomerates (depths 1346-1351 m and 1099-1104 m) is also analysed. These rocks mainly contain magnesio-hastingsite with weak zoning, but some phenocrysts have magnesio-ferri-hornblende composition (Table 5 , Fig. 5a ). Whole rock chemical analyses of lithoclasts were made to confirm the provenance of the Bt-Amp andesite conglomerates in the Studenec Fm. (Table 6 ). Results of analyses display andesitic composition, which is similar to Bt-Amp andesite to dacite of the Studenec Fm. (Fig. 6) .
Discusion
The association of cummingtonite, hornblende, hastingsite and pyroxene was first observed in the heavy fraction. Rare presence of hastingsite in heavy fraction can be explained by reworking of underlying Bt-Amp andesite conglomerates (depth 1346-1351 m and 1099-1104 m; Table 5 , Fig. 5 ), or by their ongoing erosion in the source area. In the Bt-Amp andesite hastingsite is present. Observed phenocrysts of brown amphibole in the first type of studied lithoclasts clearly confirmed this provenance (Fig. 3b) . In the Bt-Amp andesite conglomerate, hastingsite phenocrysts are dominant and hornblende is less frequent (Fig. 5a) . But, in the studied samples the opposite situation is observed. The large portion of hornblende with regard to hastingsite in the studied samples, excludes the provenance of hornblende strictly from underlying Bt-Amp andesite conglomerates. In addition, these conglomerates do not contain cummingtonite. For this reason, the source of hornblende and cummingtonite must be found in other volcanic rocks. This result is supported by the presence of large, relatively fresh phenocrysts of pyroxene. In the underlying Bt-Amp andesite conglomerate pyroxene is rare and fully altered.
In the volcanic fields of Slovakia, cummingtonite-bearing volcanic rocks have never been recorded. Cummingtonite was described only from the KON-1 well (Javorie Mts.) as a product of interaction between magma and Ca-silicate xenoliths (Hraško et al. 2014) and from the reaction rim of pargasite in rhyolites of the Strelníky Fm. (Kollárová 2010) . These rare occurrences of microcrystalline cummingtonite associated with alterations and decay of primary minerals cannot explain the presence of cummingtonite in the 0.25-0.10 mm fraction. Cummingtonite was also described in metabasic rocks (e.g., Faryad & Zábranský 1996; Janák et al. 2001) . However, there are no indications of metabasic rocks in the petro graphic composition of the studied samples and surrounding sediments (Šarinová et al. 2018 ). On the other hand, detailed probe study of selected volcanic lithoclasts of the second type (rusty colour) clearly demonstrated volcanic origin of the cummingtonite phenocrysts (Fig. 3d) . The calculated X Fe (Fe/(Fe+Mn+Mg+Ca) of cummingtonite is 0.43-0.39, which is consistent with published data from cummingtonite phenocrysts of volcanic origin (0.42-0.33; e.g., Evans & Ghiorso 1995; Smith et al. 2005) . The mineral association in the studied sediments (plagioclase, pyroxene, hornblende, cummingtonite, biotite and monocrystalline quartz) is also consistent with the occurrence of cummingtonite-bearing volcanic rocks in the world (Ewart & Green 1971; Ewart et al. 1975; Mullineaux 1986; Nicholls et al. 1992; Geschwind & Rutherford 1992; Smith et al. 2005; Pal et al. 2007 ; Fig. 7) . However, the co-occurrence of cummingtonite and hornblende is documented only in tuff-type lithoclast (Fig. 3e) . The composition of marginal parts of plagioclase phenocrysts (An 53-49 ) and microcrystalline matrix (An 40 ) in volcanic lithoclasts (second type) is typical for andesitic or dacitic volcanic rocks. The content of An molecule and zonality of plagioclase phenocrysts are very similar to Pl phenocrysts in the under lying Bt-Amp andesite conglomerate (Fig. 4) . Based on this fact, the provenance of cummingtonite from volcanic rocks of rhyo litic composition can be excluded. Red or rusty colou ration of volcanic lithoclasts of the second type is caused by replacement of volcanic glass by Fe 3+ -rich clay minerals of the smectite group (Table 1) . They are a typical alteration product of volcanic glass, where the source of Fe and Mg can be found in the decay of mafic minerals (e.g., Treiman et al. 2014) .
Similar mineral and textural composition of the well lithified volcanic rock of the first type (purple, greenish-grey) relative to underlying volcanic conglomerate indicated their older age. Reddish-brown coloured, cummingtonite-bearing volcanic lithoclasts (type 2) are not present in underlying sediments and this points to their younger age. Rusty colouration is typical for rapid cooling of volcanic clasts in oxidizing conditions. If exposed to water, the degree of alteration of some lithoclasts will cause their disintegration and washout. This excludes redeposition in a marine environment after their deposition and alteration. In addition, amphibole and pyroxene are unstable heavy minerals with rapid decay during weathering, transportation and burial depth (e.g., Morton 1984; Morton & Hallswort 1999; Andò et al. 2012) . The presence of fresh amphibole and pyroxene in mineral grains, as well as inside the volcanic clasts, points to rapid sedimentation, short transport and low burial depth. Based on these facts, rusty coloured volcanic lithoclasts, fresh amphibole and pyroxene phenocrysts can be considered syn-depositional. As is mentioned earlier, the Bt-Amp andesite conglomerate (1346-1351 m and 1099-1104 m) corresponds to the Studenec Fm. (3 rd caldera stage according to Konečný et al. 1998a; ). This is supported by similar chemical composition of Bt-Amp lithoclasts and andesites of the Studenec Fm. (Fig. 6) . Therefore, cummingtonite-bearing (Chernyshev et al. 2013) . This is consistent with biostratigraphic data from the studied samples (NN6 Zone, depth 1046-1051 m; Šarinová et al. 2018) . The 4 th post-caldera stage is represented by Obyce, Ladzany, Baďany, Biely Kameň, Drastvica, Priesil, Inovec fms. and by the Humenica, Sitno, Žiar, Jabloňový vrch, Breznica complexes (Konečný et al. 1998a ). However, a lot of these formations and complexes are composed of pyroxene andesites. The Ladzany, Biely Kameň and Drastvica fms. are formed by Px-Bt-Amp dacites to andesites, but the Ladzany Fm. is only found in the southern parts of the stratovolcano (Konečný et al. 1998a, b) . In addition, experimental works (Oba & Nicholls 1986; Geschwind & Rutherford 1992;  Nicholls et al. 1992; Evans & Ghiorso 1995) suggest that the full temperature range of cummingtonite (volcanic & metamorphic) is ca. 400-800 °C. High water-pressure storage is also necessary. The presence of cummingtonite in volcanic rocks is connected with temperature between 700-840 °C, P ˂ 300 MPa, conditions close to water saturation and shallow magma chamber (Geschwind & Rutherford 1992; Smith et al. 2005) . High water saturation is connected with explosive volcanism. From this point of view, Drastvica Fm. is the most likely source of cummingtonite-bearing lithoclasts. This formation consists of products of amphibole-rich explosive volcanism (ignimbrite and pumice tuff of Px-Amp ande site + Bt; Konečný et al. 1998a ) and overlies the Studenec Fm. Both formations are in close proximity to the ZM-1 well (Konečný et al. 1998b ). The presented results from the studied samples are consistent with these data. On the other hand, the Priesil Fm. is composed of Amp-Px andesites with variable colouration. In this case, the Px versus Amp ratio is in favour of Px (Konečný et al. 1998a) . But this is not consistent with results from the studied samples, where amphibole dominated. However, this hypothesis must be confirmed in the future. The fact, that cummingtonite-bearing volcanic rocks have not yet been described in the Štiavnica volcanic field may also be explained by their complete erosion. The depositional mechanism of the studied samples can be deduced from textural features and petrographical composition, but the core samples do not allow a clear interpretation. Poor sorting, together with variable roundness of lithoclasts, presence of calcareous fossils, framboidal pyrite, synsedimentary folds, slumps and erosional surfaces indicated deposition by sediment gravity flows in a marine environment. Crystal shape of mineral grains and presence of unstable heavy minerals also indicates short transport. The epiclastic origin can be deduced from mixing of non-volcanic and volcanic grains of various ages, from roundness of clasts, by presence of mud intraclasts and fossils. Welding and other thermal effects typical for hot pyroclastic flows are not observed. Well sorted sandstones with indistinct ripples are rare and present only on small portions of the well core. Their deposition can therefore be explained by traction as well as by turbiditic transport. Either way, their epiclastic origin is indisputable and so transport by pyroclastic flows can be excluded. In this point of view, a delta front environment (delta slope morphology) influenced by volcanic activity is assumed. Sizes of friable, rusty coloured volcanic fragments (up to 1 cm in diameter) and epiclastic origin of the studied samples may point to deposition in the middle or distal zone of the volcanic centre. Nonvolcanic admixture is similar to that in underlying sediments and points to their recycling. On the other hand, presence of different, Pannonian (Tortonian) fossil assemblages in samples from the depth of 1005-1010 m (Šarinová et al. 2018 ) indicate reworking of sedi ments from the depth of 1046-1051 m. This is confirmed by increase of roundness and admixture of non-volcanic grains. In this depth interval, strongly altered volcanic lithoclasts of the second type (which produce secondary pore space) are not present. The redeposition can be linked to sea level change or to the wide rifting of the Danube Basin in the Sarmatian-Panonian (Serravallian-Tortonian) stage (e.g., Kováč et al. 2017 ).
Conclusion
The observed mineral association: plagioclase, cummingtonite, hornblende and pyroxene, is typical for cummingtonite-bearing volcanic rocks for localities all around the world. The presence of cummingtonite phenocrysts in volcanic lithoclasts clearly documents its volcanic origin. Based on the succession of volcanic rocks and biostratigraphic ranking of sediments (Šarinová et al. 2018) , the cummingtonite-bearing lithoclasts are derived from formations of the 4 th evolutionary stage of the Štiavnica stratovolcano (Konečný et al. 1998a, b; Chernyshev et al. 2013) . The Drastvica Fm. corresponds well to the conditions for production of cummingtonite-bearing volcanic rocks, as well as to the observed mineral association and geological structure of the studied area. Finding of parental rocks of such volcanic lithoclasts will be important for future study of the Štiavnica stratovolcano evolution, likewise for provenance analysis and indirect dating of sediments.
